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(57) ABSTRACT

A method and a device for determining the concentration of
an analyte 1n whole blood 1s disclosed. In one embodiment,
the method includes generating a plasma layer 1n the whole
blood sample. Furthermore, the method includes exposing
the plasma layer to light. The method also includes capturing
light reflected from the plasma layer. Additionally, the
method includes analyzing the reflected light to determine
the concentration of the analyte.
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METHOD AND DEVICE COMPRISING AN
OPTICAL FIBER LOCATED INSIDE A
CHANNEL FOR DETERMINING THE

CONCENTRATION OF ANALYTE IN WHOLL
BLOOD BASED ON CHANGE OF
REFLECTED LIGHT WAVELENGTH

This application claims priority to U.S. Provisional Appli-
cation No. 62/520,087, filed Jun. 15, 2017, the disclosure of
which 1s hereby incorporated by reference in 1ts entirety.

FIELD OF TECHNOLOGY

The present disclosure relates to the field of analysis of
whole blood and more particularly to the field of determin-
ing the concentration of analyte 1n whole blood.

BACKGROUND

Hemolysis 1s a phenomenon wherein the blood cells
rupture in whole blood, releasing their content into the blood
plasma. This condition may occur due to various reasons
such as 1mmune reactions, infections, and medications.
Hemolysis may occur within the body of an individual or
alter the blood has been extracted out of the body. A major
cause of hemolysis 1s the pre-analytical steps of blood
sample handling, including collection of the blood sample
from the body of an individual. As a result, the individual
may have a hemolytic condition, such as sickle cell anemia.
During hemolysis, the composition of the blood plasma 1s
altered because of the contents of the blood cells spilling into
the blood plasma. If the composition of the blood plasma 1s
altered beyond a certain threshold, the blood sample 1is
flagged for hemolysis. If the composition of the blood
plasma 1s altered beyond a higher threshold, the blood
sample may become incapable of further use and therefore
has to be rejected. Theretore, the object of the mvention 1s
to provide a method to determine concentration of analytes,
particularly extracellular hemoglobin, 1n a whole blood
sample.

SUMMARY

A method for determining the concentration of an analyte
in whole blood sample 1s disclosed. In one aspect of the
invention, the method includes generating a plasma layer 1n
the whole blood sample. The method also includes exposing,
the plasma layer to light. Furthermore, the method includes
capturing light retlected from the plasma layer. Additionally,
the method also includes analyzing the reflected light to
determine the concentration of the analyte.

In another aspect, a device for determiming the concen-
tration of an analyte 1n whole blood sample includes a
channel configured to carry whole blood; a light source
configured to direct light on the channel; and a measuring
unit. The measuring unit 1s configured to capture light
reflected from the surface of the channel. Furthermore, the
measuring unit 1s configured to compute a change in wave-
length of the reflected light, wherein the change 1s the
wavelength of the reflected light 1s proportional to the
concentration of the analyte 1n the whole blood.

This summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the following description. It 1s not intended to
identily features or essential features of the claimed subject
matter. Furthermore, the claimed subject matter 1s not lim-
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2

ited to implementations that solve any or all disadvantages
noted 1n any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s further described hereinafter with
reference to illustrated embodiments shown 1n the accom-
panying drawings, in which:

FIG. 1 illustrates a flowchart of an exemplary method of
determining the concentration of an analyte 1n whole blood.

FIG. 2A 1illustrates a side view of an illustrative device
which can be used to determine the concentration of an
analyte 1n plasma.

FIG. 2B illustrates a vertical cross sectional view of the
illustrative device which can be used to determine the
concentration of an analyte 1n plasma.

FIG. 3 A 1llustrates a side view of another embodiment of
an 1llustrative device which can be used to determine the
concentration of an analyte 1n plasma.

FIG. 3B illustrates a schematic representation of a cross
sectional view of the illustrative device which can be used
to determine the concentration of analyte 1n plasma.

DETAILED DESCRIPTION

Hereinatter, embodiments for carrying out the present
invention are described in detail. The various embodiments
are described with reference to the drawings, wherein like
reference numerals are used to refer to like elements
throughout. In the following description, for purpose of
explanation, numerous specific details are set forth 1n order
to provide a thorough understanding of one or more embodi-
ments. It may be evident that such embodiments may be
practiced without these specific details. In other instances,
well known materials or methods have not been described in
detail 1n order to avoid unnecessarily obscuring embodi-
ments ol the present disclosure. While the disclosure 1s
susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example
in the drawings and will herein be described 1n detail. It
should be understood, however, that there 1s no intent to
limit the disclosure to the particular forms disclosed, but on
the contrary, the disclosure i1s to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the present disclosure.

Optical detection of hemolysis 1n whole blood can be
challenging because of high interference from blood cells,
specifically red blood cells (RBCs). Separating blood
plasma from whole blood 1n order to detect hemolysis 1s
time consuming and arduous. Therefore, there exists a need
for a method that can detect hemolysis which does not
require separation of blood plasma from whole blood, which
1s faster and cost eflicient.

FIG. 1 1illustrates a flowchart of an embodiment of an
exemplary method 100 of determining the concentration of
an analyte present 1n whole blood. The method 100 includes
step 101 of generating a plasma layer in the whole blood
sample. The plasma layer 1n the whole blood sample can be
generated by passing the sample through a fluidic channel,
for example, a microfluidic channel. The fluidic channel
may be made of a transparent medium, for example, glass
and includes an outer surface and an inner surface. When
whole blood flows through a channel with a narrow diam-
cter, the blood cells migrate to the center of the channel,
thereby generating a layer of plasma at the walls of the
channel. This phenomenon 1s termed as ‘Fahraecus eflect’.
Fahraeus eflect results 1n decrease 1n the average concen-
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tration of red blood cells when the diameter of the channel
through which the blood tlows decreases. During hemolysis,
the red blood cells rupture, thereby resulting 1n spilling of
the contents of the red blood cells, including analytes such
as hemoglobin mto the plasma.

By utilizing the Fahraeus eflect, the concentration of the
red blood cells can be decreased along the walls of the
microtluidic channel. Therefore, the plasma layer generated
along the walls of the microfluidic channel 1s devoid of red
blood cells. Thus, the concentration of analytes, such as
hemoglobin, 1n the plasma layer can be effectively deter-
mined without interference from the blood cells.

At step 102, the generated plasma layer 1s exposed to
light. The plasma layer 1s irradiated with light of a wave-
length 1n the range between 400-750 nm at an angle greater
than the total internal reflection critical angle. The total
internal reflection critical angle 1s the angle of incidence for
which the light totally reflects from an interface. The inci-
dent light passes through the medium of the microfluidic
channel and interacts with the plasma layer generated at the
walls of the channel. In an embodiment, an index matching,
substance may be used along with the microfluidic channel
so as to ensure that the irradiated light 1s reflected off the
plasma layer and not the surface of the microfluidic channel.
Examples of index matching substances include fluids and
solids. Examples of index matching fluids include, but are
not limited to, parathn, glycerin, and sugar solution.
Examples of index matching solids include, but are not
limited to, glass. In an alternate embodiment, the microflu-
1idic channel may also be pasted on to another piece of glass.
The refractive index of the adhesive used between the
microtluidic channel and the piece of glass should be the
same as the refractive mndex of glass. Alternatively, the
microtluidic channel may also be etched on a glass surface
using techniques well known 1n the state of the art.

The irradiated light may be retlected multiple times by the
plasma layer, as depicted 1n FIG. 2A. FIG. 2A illustrates a
side view of an illustrative device 200 which can be used to
determine the concentration of an analyte in plasma. The
device 1s a fluidic device, such as a microfluidic device. In
the embodiment, a channel 209 1s etched on a first layer of
transparent material 208. The channel 209 may be, for
example, a microflmidic channel. The first layer of transpar-
ent material 208 includes an outer surface 202 and an 1nner
surface 203. The microfluidic channel 209 1s defined by the
inner surface 203 of the transparent material 208. A second
layer of transparent material 207 1s placed over the first layer
of transparent material 208. The layers of transparent mate-
rial 207, 208 may be made of index matching substances, for
example, glass. The microtluidic channel 209 contains a
whole blood sample. Using the Fahraeus Eflect, the red
blood cells 206 migrate to the center of the microfluidic
channel 209, thereby generating a cell-iree plasma layer 204
along the 1mner surtace 203 of the microfluidic channel 209.
FIG. 2B illustrates a vertical cross sectional view of the
illustrative device 200. The red blood cells 206 gather at the
center of the microtluidic channel 209 using Fahraeus Ellect.
A layer of plasma 204 1s generated around the red blood
cells. The wrradiated light 201 enters the glass surface and
interacts with the plasma layer 204 at the iner surface 203
of the micro fluidic channel 209. On hitting the inner surface
203 of the microfluidic channel 209, the light can be
reflected multiple times between the inner and outer surfaces
of the microfluidic channel 209. The critical angles for total
internal reflection are different for the air-glass interface and
glass-plasma interface. The chosen incident angle 1n FIGS.
2A and 2B 1s greater than the critical angles for the air-glass
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interface and glass-plasma interface to ensure multiple
reflections. At step 103, the retlected light 205 1s captured.
The reflected light 205 may be captured using a spectro-
photometer. At step 104, the captured reflected light 205 1s
analyzed to detect a change 1n the wavelength. The wave-
length of the reflected light 205 may vary according to the
concentration of the analyte in the separated plasma layer
204. At step 105, the concentration of the analyte 1s deter-
mined based on the wavelength of the retlected light 205.
FIG. 3A illustrates a side view of another embodiment of
an illustrative device 300 which can be used to determine the
concentration of an analyte in plasma. In the embodiment,
the device 300 includes an optical fiber 301 that 1s located
within the channel 309. The channel 309 may be a micro-
fluidic channel. In illustrative embodiments, the optical fiber
301 may be located in or towards the center of the channel
309 or adjacent to the interior surface of the channel 309.
The whole blood sample flows through the microfluidic
channel 309 at a constant flow rate. The rate at which the
whole blood flows through the microfluidic channel 309
may be within a range at which Fahracus Effect can be
cllectively achieved. The optical fiber 301 may be a thin,

transparent fiber of glass or plastic and 1s without cladding.

FIG. 3B illustrates a vertical cross sectional view of the
device 300, having a channel 309 with the optical fiber 301
located 1n the center. The channel 309 1s defined by the outer
surface 307 of the device 300. The optical fiber 301 1s placed
parallel to the central axis of the microflmdic channel 309.
The central axis of the microfluidic channel 309 1s parallel
to the tlow path of the whole blood 1n the microfluidic
channel 309. In one embodiment, the optical fiber 301 may
be placed parallel to the central axis such that the optical
fiber 301 1s not in contact with the mnner surface of the
microtluidic channel 309. Due to the placement of the
optical fiber 301 1nside the microfluidic channel 309, a layer
of cell-free plasma 302 is generated using Fahracus Ellect,

around the optical fiber 301. An additional layer of plasma
308 may also be formed along the walls of the microfluidic
channel 309 using Fahraeus Effect. In between cell-free
plasma layers 302 and 308, a layer of red blood cells 306 1s
formed. In the embodiment 1llustrated in FIGS. 3A and 3B,

this layer of red blood cells 306 extends along, and encircles,

the optical fiber. In an alternate embodiment, the optical
fiber 301 may be placed in contact with the inner surface of
the microfluidic channel 309. When light 303 1s irradiated
into the optical fiber 301, the light 303 interacts with the
separated layer of plasma and gets retlected. Within the
optical fiber 301, the light 303 may be reflected multiple
times 304 between the surfaces of the optical fiber 301. The
phenomenon of multiple reflections 304 of the irradiated
light 303 allows for signal amplification and therefore
enables accurate determination of the concentration of the
analyte present in the whole blood sample. Therelore, the
reflected light 305 1s further captured by the spectrophotom-
cter and a change 1n the wavelength of the reflected light 305
1s detected. Based on the wavelength of the reflected light
305, the concentration of the analyte 1n the whole blood
sample 1s determined, wherein the concentration of the
analyte 1s proportional to the wavelength of the reflected
light 305.

The method 100 enables measurement of hemolysis 1n the
whole blood sample 1n a microfluidic environment. There-
fore, the sample volume requirements are low. Furthermore,
as no additional reagents are required for the determination
of the concentration of the analyte, the method 1s cost
ellective. The whole blood sample may also be retrieved for
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turther analysis or downstream processing once the process
of determination of the concentration of the analyte 1is
completed.

What 1s claimed 1s:

1. A method of determining the concentration of an
analyte 1n a whole blood sample, the method comprising:

flowing a whole blood sample through a channel;

generating a plasma layer in the channel, the plasma layer
being devoid of blood cells;

directing light at the plasma layer;

passing the light through an optical fiber located 1nside the

channel and extending in parallel with the channel to
reflect the light off of the plasma layer multiple times;
capturing light reflected ofl of the plasma layer; and
analyzing the reflected light to determine the concentra-
tion of the analyte.

2. The method of claim 1, wherein when the whole blood
sample tlows through the channel the blood cells migrate to
the center of the channel thereby creating a plasma layer at
the iner surface of the channel.

3. The method of claim 1, wherein 1n generating a plasma
layer in the whole blood sample, the method comprises
using the optical fiber inside the channel, wherein the whole
blood surrounds the optical fiber as 1t tlows through the
channel.

4. The method of claim 1, wherein the light 1s directed at
the plasma layer at an angle suflicient to cause a retlection
ofl of the plasma layer.

5. The method of claim 4, further comprising redirecting,
the retlected light back to the plasma layer.

6. The method of claim 1, wherein the light 1s directed at
the mner surface of the optical fiber.

7. The method of claim 1, wherein in analyzing the
reflected light to determine the concentration of the analyte,
the method comprises:

detecting a change in the wavelength of the reflected light;

and
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determiming the concentration of the analyte 1in the whole
blood sample based on the wavelength of the reflected

light.

8. T%llfla method of claim 1, wherein the reflected light 1s
captured using a spectrophotometer.

9. The method of claim 1, wherein the analyte 1s hemo-
globin.

10. A device for determining the concentration of an
analyte 1n a whole blood sample, the device comprising:

a channel configured to carry whole blood;

a light source configured to direct light on the channel;

an optical fiber through which the light passes and 1s

reflected multiple times to form reflected light, the
optical fiber being located inside the channel and
extending 1n parallel with the channel; and

a measuring unit configured to:

capture the reflected light exiting from the channel; and

compute a change 1n wavelength of the reflected light,
wherein the change 1n the wavelength of the reflected
light 1s proportional to the concentration of the
analyte 1n the whole blood.

11. The device of claim 10, wherein when the whole blood
1s flown through the channel, the blood cells migrate to the
center of the channel thereby creating a plasma layer at the
inner surface of the channel.

12. The device of claim 10, wherein the channel 1s a
fluidic channel etched on a transparent medium.

13. The device of claim 10, wherein the channel 1s a
tubular structure made of a transparent medium.

14. The device of claim 13, wherein the whole blood
surrounds the optical fiber as it flows through the channel.

15. The device of claim 10, wherein the light 1s directed
at the plasma layer at an angle suflicient to cause a retlection
ofl of the plasma laver.

16. The device of claim 10, wherein the measuring unit 1s
a spectrophotometer.
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